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(54) Variable compression ratio mechanism of reciprocating internal combustion engine 



(57) A variable compression ratio mechanism of a 
reciprocating engine includes at least an upper link con- 
nected at one end to a piston pin and a lower link con- 
necting the other end of the upper link to a crankpin. At 
top dead center, when, of hypothetical connecting points 
between the upper and lower links, to be able to be sup- 
posed on both sides of a line segment connecting a pis- 
ton-pin center and a crankpin center, a first one of the 
connecting points has a smaller inclination angle meas- 
ured in the same direction as a direction of rotation of 
the crankshaft from an axial line of reciprocating motion 
of the piston-pin center and formed between a line seg- 
ment connecting the piston-pin center and the first con- 
necting point as compared to the second connecting 
point, the first connecting point is selected as an actual 
connecting point. 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates to a variable 
compression ratio mechanism of a reciprocating internal 
combustion engine, and particularly to a variable com- 
pression ratio mechanism of a reciprocating piston en- 
gine capable of varying the top dead center (TDC) po- 
sition of a piston by means of a multiple-link type piston 
crank mechanism. 

BACKGROUND ART 

[0002] In order to vary a compression ratio between 
the volume in the engine cylinder with the piston at bot- 
tom dead center (BDC) and the volume with the piston 
at top dead center (TDC) depending upon engine oper- 
ating conditions such as engine speed and load, in re- 
cent years, there have been proposed multiple-link type 
reciprocating piston engines each employing a multiple- 
link type piston crank mechanism (multiple-link type var- 
iable compression ratio mechanism) composed of three 
links, namely an upper link, a lower link, and a control 
link. 

SUMMARY OF THE INVENTION 

[0003] In a multiple-link type variable compression ra- 
tio mechanism, assuming that an angle (an inclination 
angle 4> of an upper link) between an axial line of the 
upper link and an axial line of the direction of recipro- 
cating motion of a piston pin center, becomes approxi- 
mately 0° nearby TDC, there are some drawbacks, for 
the reasons discussed below. 

[0004] A piston side thrust force is dependent upon 
the inclination angle <|) and combustion load, and thus 
an instantaneous energy loss based on a coefficient of 
friction between the cylinder wall (major thrust face) and 
the piston, piston speed, and piston side thrust force is 
also dependent upon the inclination angle $ of the upper 
link. Therefore, it is desirable to properly set the inclina- 
tion angle <> in particular at a timing point that the product 
of piston velocity and combustion load becomes maxi- 
mum after TDC on the compression stroke, from the 
viewpoint of reduced piston thrust face wear, reduced 
piston slapping noise, and reduced energy loss. 
[0005] Accordingly, it is an object of the invention to 
provide a variable compression ratio mechanism of a 
reciprocating internal combustion engine, which avoids 
the aforementioned disadvantages. 
[0006] It is another object of the invention to provide 
a variable compression ratio mechanism of a recipro- 
cating internal combustion engine, comprised of upper 
and lower links and a control link, which mechanism is 
capable of efficiently reducing energy loss during recip- 
rocating motion of the engine, with a reduced inclination 
angle <j> of the upper link with respect to an axial line of 



the direction of reciprocating motion of a piston pin axis, 
(that is, tan <J>), in particular at a timing point (or a crank 
angle) that an absolute value IV-Wexpl of a product of 
a piston velocity V during downstroke of the piston and 

5 a combustion load Wexp becomes maximum. 

[0007] In order to accomplish the aforementioned and 
other objects of the present invention, a variable com- 
pression ratio mechanism of a reciprocating internal 
combustion engine, comprises a piston moveable 

10 through a stroke in the engine and having a piston pin, 
a crankshaft changing reciprocating motion of the piston 
into rotating motion and having a*crankpin, a linkage 
comprising an upper link connected at one end to the 
piston pin, and a lower link connecting the other end of 
the upper link to the crankpin, at a top dead center po- 
sition of the piston, when, of connecting points between 
the upper and lower links, to be able to be supposed on 
both sides of a line segment connecting a piston-pin 
center of the piston pin and a crankpin center of the 
20 crankpin, a first one of the connecting points has a small- 
er inclination angle measured in the same direction as 
a direction of rotation of the crankshaft from an axial line 
of reciprocating motion of the piston-pin center and 
formed between a line segment connecting the piston- 
25 pj n center and the first connecting point as compared to 
the second connecting point, the first connecting point 
is set as an actual connecting point between the upper 
and lower links. 

[0008] The other objects and features of this invention 
30 will become understood from the following description 
with reference to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

35 [0009] Fig. 1 is a cross-sectional view showing a first 
embodiment of the variable compression ratio mecha- 
nism of the invention. 

[0010] Fig. 2 is a cross-sectional view showing the po- 
sition relationship between links of the variable com- 

40 pression ratio mechanism of the first embodiment 
shown in Fig. 1 , at a timing point at which an absolute 
value IV-Wexpl of the product of a piston velocity V and 
acombustion load Wexp becomes maximum afterTDC. 
[0011] Fig. 3 is a cross-sectional view showing a sec- 

4 5 ond embodiment of the variable compression ratio 
mechanism of the invention. 

[0012] Fig. 4 is an explanatory drawing illustrating an- 
alytical mechanics (vector mechanics) for applied forces 
or loads (Wexp, Wexptan <J>, u,-Wexp-tan <J>) and piston 

50 velocity V, at the inclination angle $ of the upper link. 
[0013] Figs. 5A-5D show characteristic curves of the 
variable compression ratio mechanism of the first em- 
bodiment of Figs. 1 and 2, namely, variations in the prod- 
uct IV-Wexpl, inclination angle <(>, instantaneous energy 

55 loss W (= ix-V-Wexp-tan <J>), and piston stroke, near the 
expansion stroke and when the pivot of the control link 
is kept at an angular position corresponding to a high 
compression ratio. 
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[0014] Figs. 6A-6D show characteristic curves of the 
variable compression ratio mechanism of the second 
embodiment of Fig. 3, namely, variations in the product 
IV-Wexpl, inclination angle 0, instantaneous energy loss 
W, and piston stroke, near the expansion stroke. 5 
[001 5] Fig. 7 is an explanatory diagram illustrating the 
locus of motion (represented by reference sign 31) of a 
connecting point B between the lower link and the con- 
trol link, the locus of motion (represented by reference 
sign 32) of a crankpin center CP, and the locus of motion 
(represented by reference sign 33) of the connecting 
point A between the upper and-lower links, in the mech- 
anism of the first embodiment. 

[0016] Figs. 8A-8D show characteristic curves of the 
variable compression ratio mechanism of the first em- 
bodiment of Fig. 1 , namely, variations in the product 
IV-Wexpl, inclination angle <J> , instantaneous energy 
loss W, and piston stroke, when the pivot of the control 
link is kept at an angular position corresponding to a low 
compression ratio. 

[0017] Figs. 9A-9F show additional characteristic 
curves of the variable compression ratio mechanism of 
the first embodiment, namely, variations in the combus- 
tion load Wexp and piston velocity V in addition to the 
characteristics shown in Figs. 5A-5D (variations in the 
product IV-Wexpl, inclination angle <J>, instantaneous en- 
ergy loss W, and piston stroke). 

[0018] Fig. 10 is a crank angle versus piston stroke 
characteristic curve obtained by the variable compres- 
sion ratio mechanism of the first embodiment shown in 
Fig. 1. 

[0019] Fig. 11 is a crank angle versus piston stroke 
characteristic curve obtained by a modification of the 
mechanism of the first embodiment of Fig. 1 . 
[0020] Fig. 12 is a crank angle versus piston stroke 
characteristic curve obtained by the variable compres- 
sion ratio mechanism of the second embodiment shown 
in Fig. 3. 

[0021] Fig. 13 is a crank angle versus piston stroke 
characteristic curve obtained by a modification of the 
mechanism of the second embodiment of Fig. 3. 
[0022] Figs. 1 4A and 1 4B are diagrammatic drawings 
respectively showing first and second types of the link- 
age layout (in particular, the relative position relation- 
ship among the piston pin center PP, connecting point 
A between upper and lower links, and crankpin center 
CP) of the embodiment, atTDC. 

[0023] Fig. 15A is a diagrammatic drawing showing 
one type of the linkage layout of the embodiment at 
TDC. 

[0024] Fig. 15B is a diagrammatic drawing showing 
another type of the linkage layout of the embodiment 
after TDC. 

[0025] Fig. 16A is a diagrammatic drawing showing 
the first type (related to Fig. 14A) of the linkage layout 
(in particular, the relative position relationship among 
the piston pin center PP, connecting point A, crankpin 
center CP, and connecting point B) of the embodiment. 



[0026] Fig. 16B is a diagrammatic drawing showing 
the second type (related to Fig. 14B) of the linkage lay- 
out (in particular the relative position relationship 
among the piston pin center PP, connecting point A, 
crankpin center CP, and connecting point B) of the em- 
bodiment. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0027] Referring now to the drawings, particularly to 
Fig. 1 , there is shown a state that piston 9 passes the 
TDC in the variable compression ratio mechanism of the 
first embodiment. The variable compression ratio mech- 
anism (the multiple-link type piston crank mechanism) 
is comprised of upper link 3, lower link 4, and control link 
7. The piston is movable through a stroke in the engine 
and has a piston pin 1 . One end of upper link 3 is con- 
nected via piston pin 1 to the piston. Lower link 4 is os- 
cillatingly or rockably pin-connected to the other end of 
upper link 3 by means of a connecting pin 21 . Crankshaft 
1 2 changes reciprocating motion of piston 9 into rotating 
motion and has crankpin 5. Lower link 4 is also rotatably 
connected to crankpin 5 of crankshaft 12. In more detail, 
by way of half-round sections of two-split lower link por- 
tions bolted to each other, lower link 4 is supported on 
the associated crankpin 5 so as to permit relative rota- 
tion of lower link 4 about the axis of crankpin 5. One end 
of control lin k 7 is pin-connected to lower link 4 by means 
of a connecting pin 22. The other end of control link 7 is 
connected to the engine body (that is, engine cylinder 
block 1 0), so that the center (the pivot axis) of oscillating 
motion of control link 7 is shifted or displaced relative to 
the engine body (engine cylinder block 10). By means 
of the control link, the degree of freedom of lower link 4 
is properly restricted. Concretely, the other end of con- 
trol link 7 is oscillatingly or rockably supported by means 
of eccentric cam 8 which is fixed to a control shaft 8A 
and whose rotation axis is eccentric to the axis of control 
shaft 8A. Control shaft 8A is mounted onto cylinder block 
1 0, and generally actuated by a compression-ratio con- 
trol actuator (not shown) that is used to hold the control 
shaft at a desired angular position based on engine op- 
erating conditions. Actually, by rotary motion (or angular 
position) of control shaft 8A, that is, by rotary motion (or 
angular position) of eccentric cam 8, the center (the piv- 
ot axis) of oscillating motion of control link 7 is shifted or 
displaced relative to the engine body. As a conse- 
quence, the TDC position of piston 9, that is, the com- 
pression ratio of the engine can be varied, by driving the 
control shaft at the desired angular position based on 
engine operating conditions. In the variable-compres- 
sion ratio mechanism shown in Fig. 1, crank shaft 12 
rotates in the direction of rotation indicated by the vector 
a) (usually, called "angular velocity"), that is, clockwise. 
[0028] Referring now to Figs. 14A and 14B, there are 
shown the diagrammatic drawings of the first and sec- 
ond types of the linkage layout of the variable compres- 
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sion ratio mechanism of the first embodiment. Fig. 14A 
shows the first type of the linkage layout in which two 
hypothetical connecting points (A, A) between upper 
and lower links 3 and 4, to be able to be supposed on 
both sides of a line segment PP-CP between and includ- 
ing piston pin center (piston pin axis) PP and crankpin 
center CR are located on both sides of the axial line X 
of the direction of reciprocating motion of piston pin cent- 
er PP On the other hand, Fig. 14B shows the second 
type of the linkage layout in which two hypothetical con- 
necting points (A, A) between upper and lower links 3 
and 4, to be able to be supposed on both sides of line 
segment PP-CP between and including piston pin cent- 
er PP and crankpin center CP at TDC, are located on 
one side of the axial line X of the direction of reciprocat- 
ing motion of piston pin center PP. In the first type shown 
in Fig. 14A, on the assumption that inclination angle $ 
of axial line PP-A of upper link 3 relative to axial line X 
is measured in the same direction as the engine-crank- 
shaft rotational direction indicated by vector co, the incli- 
nation angle <J> obtained at the left-hand connecting point 
A of line segment PP-A indicated by the solid line is 
smaller than the inclination angle 4> obtained at the right- 
hand connecting point A of line segment PP-A indicated 
by the broken line. Therefore, the left-hand side con- 
necting point A of line segment PP-A indicated by the 
solid line is selected as the actual connecting point A of 
the multiple-link type variable compression ratio mech- 
anism. In the second type shown in Fig. 14B, on the 
above-mentioned assumption of inclination angle (J), the 
inclination angle <J> obtained at the right-hand connecting 
point A of line segment PP-A indicated by the solid line 
is smaller than the inclination angle <J> obtained at the 
left-hand connecting point A of line segment PP-A indi- 
cated by the broken line. Therefore, the right-hand side 
connecting point A of line segment PP-A indicated by 
the solid line is selected as the actual connecting point 
A of the multiple-link type variable compression ratio 
mechanism. In this manner, according to the fundamen- 
tal concept of the present invention, of these hypothet- 
ical connecting points (A, A) to be able to be supposed 
on both sides of line segment PP-CP at TDC, only the 
connecting point A having the smaller inclination angle 
<t> is selected and set as the actual connecting point. The 
linkage layout of the variable compression ratio mech- 
anism of the first embodiment of Fig. 1 corresponds to 
the first type shown in Fig. 14A, and thus the left-hand 
side connecting point A as indicated by the solid line of 
Fig. 14A is selected as the actual connecting point A. 
As can be seen from the characteristic curves shown in 
Figs . 5A-5D, in particular Figs. 5B and 5D : in the mech- 
anism of the first embodiment of Figs. 1 and 2, concrete- 
ly, a particular state that the axial line PP-A of upper link 
3 is brought into alignment with the axial line X of the 
direction of reciprocating motion of piston pin center PP 
and thus inclination angle p becomes 0° during recipro- 
cating motion of the piston, exists only during the piston 
downstroke (corresponding to the time period denoted 



by "61" in Fig. 5D). In the shown embodiment, within a 
whole operating range of the engine, the previously-not- 
ed particular state that the axial line PP-A of upper link 
3 is brought into alignment with the axial line X of the 

5 direction of reciprocating motion of piston pin center PP 
and thus the inclination angle (j> becomes 0°, exists at a 
timing T that an absolute value IV.Wexpl of the product 
of piston velocity V and combustion load Wexp becomes 
a maximum value. The aforementioned timing point T 

10 (generally represented in terms of a "crank angle") that 
the absolute value IV-Wexpl becomes the maximum val- 
ue varies depending upon a change in engine operating 
conditions, or upon a change in the compression ratio 
controlled based on the change in engine operating con- 

15 ditions. In the mechanism of the embodiment, the link- 
age is designed and dimensioned so that within the 
whole engine operating range the inclination angle $ be- 
comes 0° at at least one timing point (that is, at the timing 
point T that the absolute value IV-Wexpl becomes the 

20 maximum value). Furthermore, as can be seen from the 
characteristics shown in Figs. 5A and 5B, the linkage is 
dimensioned and laid out so that an absolute value \$\ 
of inclination angle § obtained at the timing point T that 
the absolute value IV-Wexpl of the product of piston ve- 

25 locity V and combustion load Wexp becomes maximum 
after TDC on the compression stroke is relatively small- 
er than the absolute value l<|>l of inclination angle <J> ob- 
tained at the TDC position. Fig. 15A shows the state of 
upper and lower links 3 and 4 of the mechanism of the 

30 first embodiment at TDC, while Fig. 1 5B shows the state 
of the same at the timing point T after TDC. Due to the 
relatively smaller inclination angle <J> obtained at timing 
point T as shown in Fig. 15B, it is possible to effectively 
decrease tan § at timing point T, thereby remarkably re- 

35 ducing the piston side thrust force. Furthermore, as can 
be seen from Figs. 9A-9F, in particular Figs. 9B and 9F, 
the particular state that the axial line PP-A is brought 
into alignment with the axial line X and thus the inclina- 
tion angle <> is 0°, exists for the time period 62 from the 

40 timing point of TDC to the timing point that the absolute 
value IVI of piston velocity V reaches its peak (see a 
negative peak value shown in Fig. 9F). Fig. 16A is the 
diagrammatic drawing of the multiple linkage layout of 
the mechanism of the first embodiment, and closely re- 

45 lated to Fig. 1 4A. According to the concept of the linkage 
layout of the invention, as viewed from the diagrammatic 
drawing of Fig. 16A, at the TDC position, a connecting 
point B between lower link 4 and control link 7 is located 
on a first side of a vertical line Z passing through crank- 

50 pjn center CP and arranged parallel to axial line X, while 
the selected connecting point A is located on the first 
side of vertical line Z, the first side of vertical line Z cor- 
responding to the opposite side of a direction oriented 
toward connecting point A from line segment PP-CP 

55 (exactly, from a plane including both the piston pin axis 
PP and the crankpin axis CP). Actually, in Fig. 1 6A, con- 
necting point A between upper and lower links 3 and 4 
is laid out on the left-hand side of line segment PP-CP, 
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and therefore control link 7 and connecting point B are 
both laid out on the right-hand side (the opposite side) 
of vertical line Z. As fully described later, such a linkage 
layout enlarges an angle a formed by the two line seg- 
ments CP-A and CP-B, thereby resulting in an en- 
hanced displacement multiplication effect of lower link 
4. In the shown embodiment, eccentric cam 8 whose 
center serves as the center of oscillating motion of con- 
trol link 7 relative to the engine body (cylinder block), is 
located at the lower right of crankpin 5 (on the right-hand 
side of axial line X and at the underside of the crankpin). 
That is, the center of oscillating motion of control link 7 
(i.e., the center of eccentric cam 8) is located on the de- 
scending side of crankpin 5 (on the right-hand side of 
vertical line 2 (see Fig. 16A) passing through crank pin 
center CP and arranged parallel to axial line X), while 
putting axial line X between crankpin 5 and eccentric 
cam 8. In addition to the above, connecting point B be- 
tween control link 7 and lower link 4 is located on the 
same side as eccentric cam 8. At the TDC position of 
the piston (see Fig. 1), connecting point B is located on 
the right-hand side of vertical line 2. Figs. 5A-5D show 
characteristic curves (IV.Wexpl, W=u,-V-Wexp-tan 
and piston stroke) obtained by the variable compression 
ratio mechanism of the first embodiment with the control 
link kept at an angular position corresponding to a high 
compression ratio, while Figs. 8A-8D show characteris- 
tic curves (IV-Wexpl, <J>, W=jj.-V-Wexp*tan and piston 
stroke) obtained by the variable compression ratio 
mechanism of the first embodiment when the pivot of 
the control link is kept at an angular position correspond- 
ing to a low compression ratio. As can be appreciated 
from Fig. 8B, during the low compression ratio mode, 
inclination angle <(> of upper link 3 does not become 0° 
throughout the reciprocating motion of the piston or with- 
in the whole engine operating range. The linkage layout 
of the variable compression ratio mechanism of the first 
embodiment is designed and dimensioned so that the 
absolute value l<J>l of the inclination angle <|> obtained at 
timing point T during the high compression ratio operat- 
ing mode (see Fig. SB) is smaller than that obtained at 
timing point T during the low compression ratio operat- 
ing mode (see Fig. 8B). 

[0029] The variable compression ratio mechanism of 
the first embodiment operates as follows. 
[0030] As discussed above, in the multiple linkage 
layout of the embodiment, connecting pin A between up- 
per and lower links 3 and 4 is positioned on the left-hand 
side of axial line X with respect to the crankpin that 
swings or rotates clockwise in a circle as the crankshaft 
rotates , at TDC (see Figs. 1 , 2 and 14A). At the TDC 
position, as shown in Fig. 1 , upper link 3 is inclined by 
the inclination angle $ with respect to axial line X, at the 
TDC position. Figs. 1 and 2 show the phase relationship 
between the multiple linkage at TDC (see Fig. 1) and 
the multiple linkage after TDC or at the timing slightly 
retarded from TDC or at the initial stage of the piston 
downstroke (see Fig. 2). When shifting from the state of 



Fig. 1 to the state of Fig. 2, the upper link approaches 
closer to its upright state in which axial line PP-A of up- 
per link 3 is brought into alignment with axial line X of 
the direction of reciprocating motion of piston pin center 
5 PP. That is to say, the timing at which inclination angle 
<(> reduces to a minimum does not occurs at the TDC 
position, but occurs at a timing point retarded slightly 
from the TDC position, preferably at a timing point T at 
which the absolute value IV-Wexpl of the product of pis- 
10 ton velocity V and combustion load Wexp becomes 
maximum ( see Figs . 5A and 5B). As set forth above, 
instantaneous energy loss W occurring owing to piston 
side thrust force represented by Wexp-tan $ is practical- 
ly determined depending upon the magnitude of the 
is product (V-Wexp) of piston speed V and combustion 
load Wexp, and the magnitude of tan $ (i.e., the magni- 
tude of angle <J>). In other words, the multiple linkage lay- 
out of the first embodiment is designed or dimensioned 
so that inclination angle <{> is brought closer to 0° at the 
timing point T that the absolute value IV-Wexpl of the 
product of piston velocity V and combustion load Wexp 
becomes maximum. Therefore, it is possible to effec- 
tively reduce instantaneous energy loss W occurring 
owing to piston side thrust (Wexp-tan<|>). Additionally, the 
timing point T that inclination angle $ becomes 0°, axial 
line PP-A of upper link 3 is brought into alignment with 
axial line X and thus the upper link is kept in its upright 
state, exists only during the piston downstroke (corre- 
sponding to time period 6 1 in Fig. 5D). As compared to 
a linkage layout that axial line (PP-A) of upper link 3 is 
brought into alignment with axial line X of the direction 
of reciprocating motion of the piston during the piston 
upstroke, it is possible to more effectively reduce the in- 
stantaneous energy loss occurring owing to the piston 
side thrust force. Even after timing point T, it is possible 
to keep inclination angle $ at a comparatively small an- 
gle continuously for a designated time period during 
which the absolute value IV-Wexpl of the product of pis- 
ton velocity V and combustion load Wexp is still great. 
Thus, it is possible to remarkably effectively reduce the 
entire energy loss ( \ W(t)dt) defined as the value of the 
integral of instantaneous energy loss W (=u,-V-Wexp-tan 
0) during operation of the engine (as appreciated from 
the characteristic shown in Fig. 5C). Moreover, the link- 
age is dimensioned and laid out so that the absolute val- 
ue k>l of the inclination angle given at timing point T that 
the absolute value IV-Wexpl of the product of piston ve- 
locity V and combustion load Wexp reaches a maximum 
value is relatively smaller than the inclination-angle ab- 
solute value \§\ given at the TDC position (see Fig. 5B), 
thereby effectively reducing the integration value JW(t) 
dt of instantaneous energy loss W. Furthermore, in the 
multiple linkage layout of the first embodiment, the cent- 
er of oscillating motion of control link 7 relative to the 
engine body and connecting point B between control link 
7 and lower link 4 are located as discussed above. Tak- 
ing into account the direction (corresponding to the di- 
rection indicated by "y" in Fig. 7) of reciprocating motion 
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of the piston, lower link 4 can be regarded as a swing 
arm whose fulcrum point is the previously-noted con- 
necting point B. On the assumption that the center of 
eccentric cam 8 is fixed or held constant, connecting 
point B moves along the circular-arc shaped hypotheti- 
cal locus-of-motion denoted by reference sign 31 . Tak- 
ing into account the displacement (which will be herein- 
after referred to as a "vertical displacement') of connect- 
ing point B in the y direction (the direction of piston re- 
ciprocating motion), the vertical displacement of con- 
necting point is negligibly small and thus the motion of 
connecting point B can be seen as if connecting point B 
is kept stationary. On the other hand, the previously-not- 
ed connecting point A is located on the opposite side of 
connecting point B, putting or sandwiching crankpin 5 
between two connecting pins A and B. Thus, the vertical 
displacement of connecting point A tends to be enlarged 
as compared to the vertical displacement of crankpin 
center CP. In Fig. 7, the circle denoted by reference sign 
32 indicates the locus of motion of crankpin center CP, 
while the substantially elliptical locus of motion denoted 
by reference sign 33 indicates the movement of con- 
necting point A. As can be seen from comparison be- 
tween the substantially elliptical locus-of-motion 33 of 
connecting point A and the circular locus-of-motion 32 
of crankpin CP, owing to the properly enlarged vertical 
displacement of connecting point A, it is possible to pro- 
vide a longer piston stroke than the diameter of revolu- 
tion of crankpin 5 around the crankshaft. In other words, 
it is possible to set the crank radius (exactly, the length 
of the crank arm located midway between crankshaft 1 2 
and crankpin 5), required to provide a predetermined 
piston stroke, at a comparatively small value, thus en- 
hancing the rigidity of crankshaft 12. As can be seen 
from the explanatory view shown in Fig. 7, it will be ap- 
preciated that the displacement (which will be hereinaf- 
ter referred to as a "horizontal displacement") of con- 
necting point B in the x direction perpendicular to the 
direction of piston reciprocating motion, serves to ab- 
sorb the horizontal displacement of crankpin center CP 
[0031] As indicated by the broken lines in Fig. 7, sup- 
pose that the center of oscillating motion of control link 
7 and the connecting point between lower link 4 and con- 
trol link 7 are located on the opposite side, that is, a por- 
tion of the multiple linkage layout is changed from the 
position of eccentric cam 8 and connecting point B indi- 
cated by the solid line to the position of eccentric cam 
8' and connecting point B' indicated by the broken line. 
Concretely, the position of eccentric cam 8 and connect- 
ing point B indicated by the solid line and the position of 
eccentric cam 8' and connecting point B' indicated by 
the broken line are line-symmetrical with respect to axial 
line X. In other words, at the TDC position, connecting 
point B' between the hypothetical lower link and control 
link is located on a second side of vertical line 2 passing 
through crank pin center CP and arranged parallel to 
axial line X, the second side of vertical line Z corre- 
sponding to the same side as the direction oriented to- 



ward connecting point A from line segment PP-CP (ex- 
actly, from the plane including both the piston pin axis 
PP and the crankpin axis CP). At this time, as appreci- 
ated from comparison between the triangle A CPAB 
5 formed by three points CP, A and B, and the triangle A 
CPAB' (hereinafter is referred to as a "hypothetical tri- 
angle") formed by three points CP, A and B', the angle 
a (i.e., ZACPB') between line segments CP-A and CP- 
S' of the hypothetical triangle A CPAB' tends to be small- 

10 er than the angle a (i.e., ZACPB) between line seg- 
ments CP-A and CP-B of the triangle A CPAB. In case 
of the linkage layout corresponding to the hypothetical 
triangle A CPAB' indicated by the broken line, the vertical 
displacement multiplication effect of lower link 4 serving 

15 as the swing arm, will be reduced undesirably. Fig. 10 
shows the crank angle versus piston stroke character- 
istic with the linkage layout (see reference signs 8 and 
B) indicated by the solid line in Fig. 7 in which both ends 
of control link 7 are positioned on the right-hand side of 

20 axial line X. On the contrary, Fig. 1 1 shows the crank 
angle versus piston stroke characteristic with the hypo- 
thetical linkage layout (see reference signs 8' and B') 
indicated by the broken line in Fig. 7 in which both ends 
of control link 7 are positioned on the left-hand side of 

25 axial line X. As appreciated from comparison between 
the characteristics of Figs. 10 and 11 , there results in a 
remarkable difference between piston stroke character- 
istics by changing the layout of the control link with re- 
spect to axial line X serving as a reference line. Actually, 

30 the amplitude (piston stroke) of the characteristic curve 
of Fig. 10 is longer than that of Fig. 1 1 . As compared to 
connecting point B' between the lower link and control 
link is located, at TDC, on the second side of vertical 
line Z whose second side corresponds to the same side 

35 as the direction oriented toward connecting point A from 
line segment PP-CP, in the linkage layout of the inven- 
tion that connecting point B between the lower link and 
control link is located, at TDC, on the first side of vertical 
line Z whose first side corresponds to the opposite side 
as the direction oriented toward connecting point A from 
line segment PP-CP, it is possible to more effectively 
increase the vertical displacement multiplication effect 
of lower link 4 that multiplies the ratio of piston stroke to 
the diameter of revolution of crankpin 5 (or the ratio of 

^5 piston stroke to crank radius). Therefore, it is possible 
to set the crank radius (i.e. , the length of the crank arm) 
required to provide a predetermined piston stroke at a 
comparatively small value, thus enhancing the rigidity 
of crankshaft 12. Furthermore, as described previously, 

50 the linkage layout of the variable compression ratio 
mechanism of the first embodiment is designed and di- 
mensioned so that the inclination angle <J> obtained at 
timing point T during the high compression ratio (see 
Fig. 5B) is smaller than that obtained at timing point T 

55 during the low compression ratio (see Fig. 8B). During 
the high compression ratio operating mode in which a 
thermodynamic efficiency of the engine is high, it is pos- 
sible to more effectively reduce the energy loss arising 
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from piston side thrust, thus enhancing the maximum 
efficiency of the engine. 

[0032] Referring now to Fig. 3, there is shown the var- 
iable compression ratio mechanism of the second em- 
bodiment. As discussed previously by reference to Figs. 
14A and 14B, the linkage layout of the variable com- 
pression ratio mechanism of the first embodiment of Fig. 
1 corresponds to the first type shown in Fig. 14A, and 
thus the left-hand side connecting point A as indicated 
by the solid line of Fig. 14A is selected as the actual 
connecting point A. On the contrary, the linkage layout 
of the variable compression ratio mechanism of the sec- 
ond embodiment of Fig. 3 corresponds to the second 
type shown in Fig. 14B, and thus the right-hand side 
connecting point A as indicated by the solid line of Fig. 
14B and closer to axial line X is selected as the actual 
connecting point A. As can be seen from the character- 
istic curves shown in Figs. 6A-6D, in particular Figs. 6B 
and 6D, in the mechanism of the second embodiment 
of Fig. 3, at the TDC position, upper link 3 is slightly in- 
clined with respect to axial line X. At the timing point T 
afterTDC, the axial line PP-Aof upper link 3 approaches 
closer to its upright state and thus inclination angle <J> is 
reduced to substantially 0°. Thus, it is possible to effec- 
tively reduce instantaneous energy loss W occurring 
owing to piston side thrust during reciprocating motion 
of the piston. Fig. 16B is the diagrammatic drawing of 
the multiple linkage layout of the mechanism of the sec- 
ond embodiment, and closely related to Fig. 14B. Ac- 
cording to the concept of the linkage layout of the inven- 
tion, as viewed from the diagrammatic drawing of Fig. 
1 6B, at the TDC position, connecting point B is located 
on a first side of vertical line Z whose first side corre- 
sponds to the opposite side of a direction oriented to- 
ward connecting point A from line segment PP-CP (ex- 
actly, from a plane including both the piston pin axis PP 
and the crankpin axis CP). Actually, in Fig. 16B, con- 
necting point A between upper and lower links 3 and 4 
is laid out on the right-hand side of line segment PP-CP, 
and therefore control link 7 and connecting point B are 
both laid out on the left-hand side (the opposite side) of 
vertical line Z. As can be seen from comparison between 
the diagrammatic drawings of Figs. 16A (first embodi- 
ment) and 16B (second embodiment), control link 7 in- 
corporated in the variable compression ratio mecha- 
nism of the second embodiment is arranged or laid out 
on the opposite side (see Fig. 16B) of control link 7 of 
the first embodiment. As can be appreciated from the 
linkage layout of Figs. 3 and 16B, in the second embod- 
iment, the center of oscillating motion of control link 7 
(that is, the center of eccentric cam 8) is located on the 
ascending side of crankpin 5 (on the left-hand side of 
vertical line Z (see Fig. 16B) passing through crank pin 
center CP and arranged parallel to axial line X), away 
from axial line X between crankpin 5 and eccentric cam 
8. In addition to the above, connecting point B between 
control link 7 and lower link 4 is located on the same 
side as eccentric cam 8 (that is , on the left-hand side 



of vertical line Z ) . As a result of this, in the same man- 
ner as the first embodiment of Fig. 1 , the linkage layout 
of the second embodiment enables the angle a (i.e., 
AACPB) between line segments CP-A and CP-B of the 

5 triangle A CPAB to be set at a greater angle. Therefore, 
it is possible to effectively increase the vertical displace- 
ment multiplication effect of lower link 4 serving as the 
swing arm. Fig. 12 shows the crank angle versus piston 
stroke characteristic with the linkage layout in which 

10 both ends of control link 7 are positioned on the left-hand 
side of axial line X as shown in Figs. 3 and 16B. On the 
contrary, Fig. 13 shows the crank angle versus piston 
stroke characteristic with the hypothetical control link 
layout in which both ends of control link 7 are positioned 

'5 on the right-hand side of axial line X and the hypothetical 
control link layout and the control link layout shown in 
Fig. 16B are symmetrical to each other with respect to 
axial line X. As can be appreciated from comparison be- 
tween the characteristics of Figs. 12 and 13, there re- 

20 sutts in a remarkable difference between piston stroke 
characteristics by changing the control-link layout with 
respect to axial line X. Actually, the amplitude (piston 
stroke) of the characteristic curve of Fig. 12 is longer 
than that of Fig. 13. 

25 [0033] The entire contents of Japanese Patent Appli- 
cation Nos. P2000-206257 (filed July 7, 2000) and 
P2000-37380 (filed February 1 6, 2000) are incorporated 
herein by reference. 

[0034] While the foregoing is a description of the pre- 
30 ferred embodiments carried out the invention, it will be 
understood that the invention is not limited to the partic- 
ular embodiments shown and described herein, but that 
various changes and modifications may be made with- 
out departing from the scope or spirit of this invention 
35 as defined by the following claims. 



Claims 

40 1 . a variable compression ratio mechanism of a recip- 
rocating internal combustion engine, comprising: 

a piston (9) moveable through a stroke in the 
engine and having a piston pin (1); 
45 a crankshaft (12) changing reciprocating mo- 

tion of the piston (9) into rotating motion and 
having a crankpin (5); 
a linkage comprising: 

50 an upper link (3) connected at one end to 

the piston pin (1); and 
a lower link (4) connecting the other end of 
the upper link (3) to the crankpin (5); 

55 at a top dead center position of the piston (9), 

when, of connecting points (A, A) between the 
upper and lower links, to be able to be sup- 
posed on both sides of a line segment (PP-CP) 
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connecting a piston-pin center (PP) of the pis- 
ton pin and acrankpin center (CP) of the crank- 
pin, a first one of the connecting points (A ; A) 
has a smaller inclination angle ($) measured in 
the same direction as a direction of rotation of 5 
the crankshaft from an axial line (X) of recipro- 
cating motion of the piston-pin center (PP) and 
formed between a line segment (PP-A) con- 
necting the piston-pin center (PP) and the first 
connecting point (A) as compared to the sec- 10 
ond connecting point : the first connecting point 
is set as an actual connecting point between 
the upper and lower links. 



2. The variable compression ratio mechanism as 
claimed in claim 1 , wherein the linkage is dimen- 
sioned and laid out so that the line segment (PP-A) 
connecting the piston-pin center (PP) and the first 
connecting point (A) is brought into alignment with 
the axial line (X) of reciprocating motion of the pis- 
ton-pin center (PP) only during a downstroke (61) 
of the piston. 

3. The variable compression ratio mechanism as 
claimed in claim 1, wherein the linkage is dimen- 
sioned and laid out so that the line segment (PP-A) 
connecting the piston-pin center (PP) and the first 
connecting point (A) is brought into alignment with 
the axial line (X) of reciprocating motion of the pis- 
ton-pin center (PP) only during a time period (62) 
from the top dead center position to a timing point 
that a piston velocity (V) reaches a peak value. 

4. The variable compression ratio mechanism as 
claimed in claim 1 , wherein an absolute value (I0I) 
of the inclination angle (0) given at a timing point (T) 
that an absolute value (IV-Wexpl) of a product 
(V-Wexp) of the piston velocity (V) and combustion 
load (Wexp) reaches a maximum value is set to be 
smaller than the absolute value (l(j>I) of the inclina- 
tion angle (0) given at the top dead center position. 



and at the top dead center position a connecting 
point (B) between the lower link (4) and the control 
link (7) is located on a first side of a vertical line (Z) 
passing through the crankpin center (CP) and ar- 
ranged parallel to the axial line (X), while the first 
connecting point (A) is located on the second side 
of the vertical line (Z), the first side of vertical line 
(Z) corresponding to the opposite side of a direction 
oriented toward the first connecting point (A) from 
the line segment (PP-CP) connecting the piston-pin 
center (PP) and the crankpin center (CP). 

7. The variable compression ratio mechanism as 
claimed in any one of preceding claims, wherein an 
absolute value (\$\) of the inclination angle (<J>) ob- 
tained during a high compression ratio operating 
mode at a timing point (T) that an absolute value 
(IV-Wexpl) of a product of a piston velocity (V) and 
combustion load (Wexp) reaches a maximum value 
is relatively smaller than the absolute value \§\ of 
the inclination angle (<t>) obtained during a low com- 
pression ratio operating mode at the timing point 

CO- 

25 8. The variable compression ratio mechanism as 
claimed in claim 6, wherein, in a first triangle (A 
CPAB) formed by the crankpin center (CP), the first 
connecting point (A) between the upper and lower 
links, and the connecting point (B) between the low- 
so er link (4) and the control link (7), an angle (a) be- 
tween a line segment (CP-A) connecting the crank- 
pin center (CP) and the first connecting point (A) 
and a line segment (CP-B) connecting the crankpin 
center (CP) and the connecting point (B) between 
35 the lower link and the control link is greater than the 
angle (a) between the line segments (CP-A, CP-B) 
of a second triangle (A CPAB') formed when a hy- 
pothetical connecting point (B*) included in the sec- 
ond triangle is laid out to be symmetrical to the con- 
necting point (B) included in the first triangle and 
between the lower link (4) and the control link (7) 
with respect to the axial line (X). 

9. The variable compression ratio mechanism as 
claimed in claim 6, further comprising a first con- 
necting pin (21 ) via which the upper and lower links 
(3, 4) are pin-connected to each other to permit rel- 
ative rotation of the upper link (3) about an axis of 
the first connecting pin and relative rotation of the 
lower link (4) about the axis of the first connecting 
pin at the first connecting point (B) between the up- 
per and lower links, and a second connecting pin 
(22) via which the lower link (4) and the control link 
(7) are pin-connected to each other to permit rela- 
tive rotation of the lower link about an axis of the 
second connecting pin and relative rotation of the 
control link (7) about the axis of the second connect- 
ing pin at the connecting point (B) between the low- 



5. The variable compression ratio mechanism as 
claimed in claim 1 , wherein a state that the line seg- 
ment (PP-A) connecting the piston-pin center (PP) 45 
and the first connecting point (A) is brought into 
alignment with the axial line (X) of reciprocating mo- 
tion of the piston-pin center (PP), exists at a timing 
point (T) that an absolute value (IV-Wexpl) of a 
product ( V-Wexp) of the piston velocity (V) and com- so 
bustion load (Wexp) reaches a maximum value, 
within a whole operating range of the engine. 

6. The variable compression ratio mechanism as 
claimed in any one of preceding claims, wherein the 55 
linkage further comprises a control link (7) connect- 
ed at one end to the lower link (4) and oscillatingly 
connected at the other end to a body of the engine, 



WSDOCID: <EP 1 170482A2_I_> 



8 



15 EP 1 170 482 A2 16 

er link and the control link. 

10. The variable compression ratio mechanism as 
claimed in claim 9, further comprising an eccentric 
cam (8) that creates a displacement of a pivot of 5 
oscillating motion of the control link (7) with respect 
to the body of the engine, to vary a compression 
ratio of the engine. 
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